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modified by information at the point of ingestion, such as nutritional labelling. 27
What is unknown is the extent to which these label-based expectations modify 28 flavour-nutrient learning. Since nutrient information can alter expectations 29 about how filling a product would be, we hypothesised that labels predicting 30 higher energy (HE) content would enhance satiety and so promote more rapid 31 flavour learning. To test this, participants consumed either a lower (LE: 164kcal) 32 or HE (330kcal) yoghurt breakfast on four separate days, either with no product 33 label or with labels displaying either the actual energy content (Congruent label) 34 Introductionexpressed as flavour liking. Although many factors influence food choice6 immediate impact of a product on satiety is open to cognitive manipulation: 121 experienced satiety appears to integrate these expectations with actual 122 experienced effects of nutrient ingestion (Chambers, McCrickerd, & Yeomans, 123 2015) . Given that it is the impact of the ingested product on appetite which is 124 seen as the key driver for liking change through FNL, it thus follows that labels 125 which modify the experience of post-ingestive satiety will alter the rate at which 126 liking changes with repeated consumption, with the clear prediction for faster 127 increases in liking where satiety is enhanced by product labelling. To our 128 knowledge, these ideas have not been considered in relation to human FNL. on the TFEQ restraint scale were eligible to participate. Men were excluded to 159 reduce variability in intake, given that men reliably consume more than women. 160
Additional exclusion criteria were diabetes, allergy or aversion to any of the test 161 ingredients, smoking more than 5 cigarettes per week and prior diagnosis of an 162 eating disorder. The University of Sussex ethics committee approved the 163 experimental design and protocol. The six test groups did not differ significantly8 in age F(5, 54) = 0.10, p = .99, BMI F(5, 54) = 0.51, p = .77 or restraint score 165 F(5,54) = 2.29, p = .06 (Table 1) . 166
167

Test foods 168
The test foods consisted of two yoghurt-based breakfasts of which the energy 169 content was covertly manipulated (Table 2 ). These yoghurt-based breakfasts 170 were produced in house using a base of a fat free natural yoghurt ( Participants were asked to select one of a series of portions of two breakfasts 195 (crunchy nut cornflakes and porridge) which they expected would make them as 196 full as they would expect to be having consumed their served portion. These 197 ratings were made after tasting the breakfast but before it was consumed in full. 198
The alternative portion sizes were presented in two booklets, one for each food, days, participants were instructed (via the computer) to take a taste of their 228 yoghurt and then complete a series of flavour evaluations using 100pt VAS. The 229 ratings were how pleasant, creamy, novel, bitter, sour, sweet, fruity, familiar they 230 found the breakfast. Ratings were headed "How <target rating> is the drink?" 231 and end-anchored with "Not at all <target rating>" and "Extremely <target 232 rating>". This was followed by an explicit question asking to enter a number 233 representing the calories in the serving, which was a compliance check for the 234 label conditions but also allowed an estimation of what participants estimated 235 the energy content of these yoghurts to be in the Unlabelled conditions. On days 236 would expect to fill them up to the same extent as the portion of yoghurt they 239 had received, completing this task prior to breakfast consumption but after 240 tasting the yoghurt. 241
242
On days 1 and 4, participants were allowed to consume the breakfast ad libitum, 243 with a refill provided once 250g had been consumed. On these two days, intake 244 was monitored using SIPM, using a hidden digital balance (Sartorius BP4100) 245 linked to the desktop PC, and this allowed the refill requirement to be measured 246 surreptitiously as well as providing complete records of how much was 247 consumed (Yeomans, 2000) . On days 2 and 3, a fixed amount (300g) of the 248 yoghurt breakfast was consumed. Participants were simply instructed to 249 consume the served portion in full. Standardising intake on these days ensured 250 consistent relationships between amount consumed and flavour on these 251 training sessions: allowing free intake raised the risk that participants might 252 adjust portion size to either increase overall energy intake in the LE or reduced 253 intake in the HE condition as has been reported previously (Yeomans et al., 254 2009). On all four days, participants completed another set of computer mood 255 and appetite VAS ratings immediately after finishing their breakfast, and they 256 completed the same ratings using a paper version of the same questions one 257 hour after leaving the laboratory (having refrained from eating and drinking 258 except for water). On the final session, participants were debriefed, height and 259 weight recorded, and they were reimbursed for their time either by a cash 260 payment or course credits. 261
12
The key focus was on how liking for the flavour of the breakfasts changed across 264 the four sessions depending on both energy content and label condition. Initial 265 analyses confirmed there were no spurious significant differences in 266 pleasantness between the six conditions on day 1 (using 1-way ANOVA), and as 267 this was not significant, changes in liking on days 2, 3 and 4 were calculated by 268 subtracting the relevant baseline from each day score for each participant. breakfasts, although group contrasts confirmed that the consequent apparent 291 group differences (Table 3) were not significant. As the focus was on how these 292 evaluations altered with repeated consumption, pleasantness data were 293 converted to change data for days 2-4 and these change data were examined to 294 test for evidence of flavour-nutrient learning ( implying that learning was disrupted only when the expectation matched 377 nutrient content. However, this conclusion needs caution as there was no actual 378 difference in changes in rated pleasantness between LE and HE versions on any 379 day in the Incongruent condition, but by day 4 liking was greater in the HE than 380 LE condition in the Unlabelled condition (see Figure 3) . Moreover, the effects on 381 changes in breakfast intake were only seen in the Unlabelled condition. 382
383
The outcome of this study contradicts the prediction that explicit knowledge 384 about energy content would enhance the rate of increase in flavour pleasantness 385 through FNL. If that had been so, we would have expected a larger increase in 386 flavour pleasantness in the Congruently labelled HE than Unlabelled HE 387 conditions, whereas there was minimal change in pleasantness when the HE 388 breakfast was accurately labelled. We would add a note of caution in 389 interpreting this finding since the emphasis here was on changes in liking. While 390 there were no significant differences in actual liking between conditions at 391 baseline, average liking did vary between conditions (Table 2) , with (spuriously) 392 a trend for lower liking for the HE than LE breakfast in the Unlabelled condition, 393 the one condition where liking did change over time. Although this does raise 394 some concerns of the degree to which liking change in the Unlabelled condition 395 can be seen as strong evidence of FNL, the parallel change in intake, where there 396 was no baseline differences, does suggest that behavioural change here was 397 driven by learning. Moreover, the lack of such baseline differences in liking or 398 intake in the two labelled conditions, where liking was predicted to change, 399 suggests that the failure to find evidence of increased liking through FNL in the 400 predicted Congruent condition cannot be attributed to an artefact of baseline 401 differences. It is also noteworthy that changes in intake were only evident in the 402 Unlabelled condition, suggesting that both label conditions impacted eating 403 regardless of whether they were congruent or not. TFEQ restraint 2.2 ± 0.5 2.1 ± 0.5 3.8 ± 0.6 3.6 ± 0.5 4.0 ± 0.6 3.4 ± 0.6 Congruent label 61 ± 9 63 ± 7
Incongruent label 61 ± 8 53 ± 9 
All four test days
